Key words: Origanum vulgare; oregano; 1,1-dipehnyl-2-picrylhydrazyl (DPPH) radical scavenger; herb Antioxidants isolated from natural resources attract considerable attention because several species of active oxygen are thought to be harmful to human health and to trigger many diseases; for example, coronary heart disease and cancer. [1] [2] [3] [4] Since compounds with DPPH radical scavenging activity have generally been classiˆed as antioxidants, we have checked the radical scavenging activity of the isolated antioxidants. In the course of our research investigating DPPH radical scavenging compounds from natural sources, we have reported active compounds from the ‰ower buds of Petasites japonicus in a previous paper. 5) As a continuation of our study for isolating DPPH radical scavenging compounds from natural sources, we isolated two new phenolic glycosides (1 and 2) from dried leaves of oregano (Origanum vulgare). We report in this paper the structural elucidation of 1 and 2 on the basis of mass, IR, 1 H-
13
C-NMR spectral data, including HMQC, HMBC, NOE, and 1 H-1 H COSY experiments. The DPPH radical scavenging activities of the isolated compounds were evaluated by the DPPH-HPLC method, 6) and the content of 1 in the dried leaves was also examined.
Material and Methods
General. IR spectra were recorded as KBr pellets with a Perkin Elmer System 2000 FT-IR. Optical rotation data were measured by a Jasco DIP-370 digital polarimeter. FDMS data were recorded with a Jeol JMS-O1SG-2 instrument. NMR spectra were recorded with a Bruker AM-500 FT-NMR spectrometer ( 1 H at 500 MHz; 13 C at 125. Plant material. Matricaria matricarioides, comfrey ( Symphytum o‹cinale), yarrow ( Achillea millefolium) had grown wild, and rocket-salad ( Eruca vesicaria), parsley ( Petroselinum crispum), cresson ( Nasturtium o‹cinale), spearmint ( Mentha spicata), sweet basil (Ocimum basilicum), hyssop ( Hyssopus o‹cinalis ), and oregano (Origanum vulgare) were grown in the experimentalˆeld of Plant Ecochemicals Research Center. In order to isolate the compounds, air-dried leaves of oregano (O. vulgare) was purchased from Koyu-Seikatsu, Inc. (Kitami, Hokkaido, Japan).
Measurement of the DPPH radical scavenging activity. The DPPH radical scavenging activities of all the fractions were mesaured by the method reported by Yamaguchi et al. 6) A portion of the crude material dissolved in a solution of EtOH (200 ml) was mixed with a 100 mM Tris-HCl buŠer (pH 7.4, 800 ml) and then added to 1 ml of 500 mM DPPH in EtOH. The mixture was shaken vigorously and left for 20 min at room temperature in the dark, and then a sample (60 ml) of the reaction mixture was subjected to a reversed-phase HPLC analysis to measure the DPPH radical scavenging activity. Analyses were done in a TSKgel Octyl-80TsQA column (4.6× 250 mm, Tosoh, Tokyo, Japan) at ambient temperature with a mobile phase of MeOH W H2O (7:3, v W v) at a ‰ow rate of 0.8 ml W min. The peaks were monitored with a UV detector set at 517 nm. The DPPH radical scavenging activity was evaluated from the diŠerence in the peak-area decrease of the DPPH radical detected at 517 nm between a blank and a sample. (2) . Air-dried leaves (100 g) of oregano were extracted with 70z aq. MeOH (ca. 3 liter), and the extract was passed throughˆlter papers (Toyo Advantec No. 1) and concentrated in vacuo to about 1 liter. The resulting extract was partitioned between EtOAc (1 liter×3) and H2O. Both layers showed scavenging activity. The water-soluble phase was concentrated under reduced pressure. To the resulting black oil was added a solution of 80z aq. EtOH (1 liter), and the mixture was allowed to stand at -259 C for 24 hour. The supernatant and precipitate were separated withˆlter papers (Toyo Advantec No. 1), and the solution of the supernatant showed scavenging activity. The solution of the supernatant was concentrated in vacuo, and the resulting oil was subjected to column chromatography with Diaion HP-20 resin (Mitsubishi Chem., 200 g). The resin was successively washed with H2O and 70z aq. MeOH. The extract from 70z aq. MeOH was puriˆed by Sephadex LH-20 (Amersham Pharmacia Biotech, 300 g, 70z aq. MeOH) column chromatography. The column was developed with 70z aq. MeOH, and the active fractions were puriˆed by medium-pressure liquid chromatography. The system (Tokyo Rikakiki) for this puriˆcation consisted of an EFC-1000 pump (stroke length, 50; stroke rate, 70), a manual injector (SV-606010S) with a 2.0-ml sample loop, and a UV-D2 detector (A254nm). Table 3 .
Quantiˆcation of 4?-O-b-D-glucopyranosyl-3?,4?-dihydroxybenzyl protocatechuate (1) . Air-dried leaves (1 g) of oregano were extracted with 70z aq. MeOH (10 ml), and the extract was passed througĥ lter papers (Toyo Advantec No. 1) and concentrated to ca. 1 ml. The extract was loaded into a cartridge column of Mega Bond Elute C18 (Varian, 1 g W 6 ml). The column was washed with H2O (3 ml×2) and then successively eluted with 40z aq. MeOH (3 ml× 3) and MeOH (3 ml×3). The concentrated eluate was dissolved in 50z aq. MeOH (10 ml), and then a portion (1.5 mg dry wt. equivalent) was analyzed by HPLC. The HPLC system (Hitachi) for quantiˆca-tion consisted of an L-7100 pump (3 ml W min ‰ow rate) and an L-7300 column oven (409 C temperature) equipped with a manual injector and L-7455 DAD detector. The column (Kanto Chem., Mightysil RP-18 GP Aqua, 4.6×250 mm) was eluted with a mixed solvent of 80z aq. MeOH (solvent A) and 0.2z aq. AcOH (solvent B), using a linear gradient with the ‰ow rate of 3 ml W min. The column was eluted with a mixed solvent of A:B＝1:1 from 0 min to 25 min, and then the combination of A and B was linearly converted from 1:1 to 1:0 from 25 min to 27 min. The typical retention time for 4?-O-b-Dglucopyranosyl-3?,4?-dihydroxybenzyl protocatechuate (1) was 17.89 min. The amounts of the compound were evaluated from the areas of the peaks corresponding to authentic 1.
Results and Discussion
Ten varieties of herbs, Matricaria matricarioides, comfrey ( Symphytum o‹cinale), rocket-salad ( Eruca vesicaria), parsley ( Petroselinum crispum), cresson ( Nasturtium o‹cinale), spearmint ( Mentha spicata), sweet basil (Ocimum basilicum), yarrow ( Achillea millefolium), hyssop ( Hyssopus o‹cina-lis), and oregano (Origanum vulgare), were extracted with 70z aq. MeOH. Each extract was divided into its EtOAc and H2O soluble layers. Portions (1 and 10 mg equivalent of the fresh weight of the aerial parts for the H2O layer, and 10 and 50 mg equivalent of the fresh weight of the aerial parts for the EtOAc layer) were examined for their DPPH radical scavenging activities. The results for the H2O soluble layers are shown in Fig. 1 . The extracts of yarrow ( A. millefolium), hyssop ( H. o‹cinalis ), and oregano (O. vulgare) showed strong scavenging activities. The activity of each was more than 80z when the portion of 10 mg equivalent was tested, the extract of oregano (O. vulgare) showing the highest activity. The activities of the EtOAc soluble layer showed same tendency with that of the H 2 O soluble layer (data are not shown), but were lower than those of the H2O soluble layer. Air-dried leaves (100 g) of oregano (O. vulgare) were extracted with 70z aq. MeOH, and the extract was fractionated by partitioning between ethyl acetate and water. The water-soluble phase was puriˆed according to the procedure described in the experimental section to aŠord 1 (270 mg) and 2 (120 mg). Each fraction was checked for its DPPH radical scavenging activity according to the reported method.
Compound 1 was isolated as white powder. Its molecular formula, C20H22O11, was deduced from an [M-H] -peak at 437 in the negative FABMS data, and 20 carbon signals in the 13 C-NMR spectrum. An analysis of the DEPT spectral data revealed two methylenes, eleven methines, and seven quarternary carbons. J＝7.4 Hz,) in the 1 H-NMR spectrum ( Table 1) . The presence of D-glucose was further supported by the observation of di-axial coupling constants of the protons derived from the acetyl glucose moiety in the 1 H-NMR spectrum (DMSO-d6, Table 3 ) of 3. The protons that were directly attached to carbons were determined by an analysis of the HMQC spectrum. The cross peaks observed in the HMBC spectrum shown in Fig. 2 enabled the structure of 1 to be determined as 4?-O-b-D-glucopyranosyl-3?,4?-dihydroxybenzyl protocatechuate. In order to conˆrm this structure, NOE experiments were done (Fig. 2) . Irradiation of the resonance at Tables 1 and 2 , respectively. The structure for 1 has been reported by Hori et al. 7) and Challice et al. 8) Hori et al. have named their compound as odontoside. However, the resonances of 3, the heptaacetylated derivative of 1, and the data for the heptaacetylated derivative reported by Hori et al. (Table 3) showed diŠerent features, especially in the signals derived from the b-D-glucose moiety. We think that they erred in deducing the structure, because they applied the experimental instance of luteolin for determining the linkage of the b-D-glucose moiety. Although they have named their isolated compound as odontoside, this name has already been used for an iridoid glucoside. 9-13) Challice et al. have repoted the same structure, but there were no available spectral data to compare with ours. Furthermore, it seems questionable to have determined the structure shown in their report, because the glycosidic linkage was deduced without any spectral evidence. We therefore would like to claim this as theˆrst isolation of 4?-O-b-D-glucopyranosyl-3?,4?-dihydroxybenzyl protocatechuate (1), 1 being named as Oreganol-A. A related compound (4?-O-b-Dglucopyranosyl-4?-hydroxybenzyl protocatechuate, 4, Fig. 2 ) has been isolated from the same plant as an antioxidant. 14, 15) Compound 2 was isolated as white powder, showing an [M-H] -peak at m W z 451 in the FABMS data. The 1 H-and 13 C-NMR spectra of 2 (Tables 1 and 2 ) were in accordance with those of 1, except for the presence of a methoxyl group at d 3.78 (3H, s, 1 H-NMR, Table 1 ) and d 56.4 ( 13 C-NMR, Table 2 ). These facts suggest that the methoxyl group was attached to a phenyl group. In order to conˆrm the structure, NOE experiments were done. Irradiation of the signal at (Tables 1 and 2 ).
The strong potential of phenolic compounds as therapeutic agents against diseases involving radical damage has been emphasized; polyphenols have many favorable eŠects on human health such as inhibiting the oxidation of low-density lipo-proteins, thereby decreasing the risk of heart disease. 16) We therefore compared the antioxidative activities of the isolated compounds (1 and 2) with rosmarinic acid, quercetin and rutin as positive controls. These compounds have been generally accepted as potent antioxidants. According to Cuvelier et al., who monitored the inhibitory activities of the auto-oxidation of methyl linoleate under strong oxidizing conditions (1109 C and oxygen bubbled at a ‰ow rate of 7 mlW min), rosmarinic acid is more eŠective than caŠeic acid. 17) In our previous paper, 5) the DPPH radical scavenging activities of caŠeic acid, rutin, and quercetin were evaluated by the DPPH-HPLC method, and we concluded that quercetin was the most eŠective, followed by caŠeic acid and rutin. In Fig. 3 , the DPPH radical scavenging activities of 1, 2, rosmarinic acid, quercetin and rutin are compared. Quercetin, rutin, and compound 1 showed similar activity, but that of compound 2 was relatively weak. In the case of ‰avonoids, Tournaire et al. 18) have concluded that the presence of a catechol moiety in the B-ring was the main factor for controlling the e‹ciency of 1 O2 scavenging. This conclusion is consistent with the diŠerence in activities between the compounds having strong activities and 2.
To evaluate the potential use of the leaves of oregano as pharmaceutical and health-promoting materials, the content of 1 was examined according to the procedure described in the experimental section due to its strong antioxidative properties. The extract was puriˆed in a Mega Bond Elute C18 column to aŠord the H2O, 40z aq. MeOH, and MeOH eluate fractions. A portion of each fraction was analyzed by HPLC. No peak corresponding to authentic 1 was observed in the HPLC proˆle of the A portion (1.5 mg equivalent dry weight of the leaves) was analyzed by HPLC. H2O and MeOH eluates, but a peak corresponding to authentic 1 was observed in the HPLC proˆle of the 40z aq. MeOH eluate (Fig. 4) . Although we did not take the recovery rate into consideration, the content of 1 was estimated to be 3.8 mg W 1 g of dried leaves.
We reported here theˆrst isolation and structural determination of Oreganol-A (4?-O-b-D-glucopyranosyl-3?,4?-dihydroxybenzyl protocatechuate, 1) and Oreganol-B (4?-O-b-D-glucopyranosyl-3?,4?-dihydroxybenzyl 4-O-methylprotocatechuate, 2). The content of 1 was estimated to be 3.8 mg W 1 g of dried leaves by the HPLC analyses. This content of compound 1 is relatively high as a natural compound. Therefore, the O. vulugare plant is a promising candidate for a health-promoting material. In order to demonstrate this promise, we have examined the protective eŠect against oxidative stress in vivo, and the results will be presented in the near future.
